Primary Audience: Broiler Grow-Out Technicians, Supervisors
DESCRIPTION OF PROBLEM
Contamination of poultry products by pathogenic bacteria poses both health and financial risks to poultry integrators [1] . Consumer confidence in the food supply is a major driving force behind recommendations and regulations that deal with modern poultry production. The paratyphoid salmonellae, especially Salmonella enterica serovar Typhimurium, are pathogens of concern for the poultry industry because of their association with raw poultry products and because these organisms displayed a 4-fold increase in isolation from ill individuals from 1955 to the 1990s [2] .
Many successful programs have been instituted to meet the federal requirements and consumer demands for pathogen control. Most of these programs, such as the Hazard Analysis and Critical Control Point system, Food Safety Objectives, and the introduction of novel chemical antimicrobials, have centered on the processing plant as the main target for food safety control measures. Recently, there has been interest in implementing on-farm pathogen reduction strategies to ease the burden on the processing plant by decreasing the initial load of bacteria that enter the plant with live birds. Reducing pathogens before processing can be beneficial in that it may allow the processing plant to lower the cost of production because of decreased risk, and there may also be a decrease in the amount of crosscontamination in the processing environment.
The use of litter amendments is one possible approach to achieve on-farm pathogen reduction. Many formulations of litter amendments have been developed and tested, with varying results. Most of the compounds that have been tested are acidic in nature. Because of this characteristic, it is reasonable to assume that proper application could significantly lower both the pH and water activity of the litter, conditions that directly affect the survivability of microorganisms that are typically present in poultry litter [3] . The litter amendments used must not interfere with the normal growth characteristics of the broilers subjected to the treatment and must not present any additional risks to the broilers or to employees of the grow-out facility. The objective of this study was to determine the effects of litter amendments on broiler grow-out characteristics (BW and feed conversion), litter moisture, and Salmonella Typhimurium colonization in the litter, crop, and cecum. Litter amendments consisted of acidic calcium sulfate combined with either diatomaceous earth (DE) or hydrated sodium calcium aluminosilicate (clay).
MATERIALS AND METHODS

Grow-Out Conditions
Birds in this experiment were supervised under the USDA Animal Care and Use protocol. Day-of-hatch broiler chicks (180 total, 15 per pen, 45 per treatment, 4 treatments) were placed and provided free access to feed and water. Feed was weighed in grams to allow feed conversion to be calculated at the end of the study. Birds were housed in 4 separate rooms in an isolation building with positive airflow and air filtration. Each room in the isolation unit was divided into 3 pens, and each pen was equipped with a nipple watering system and adequate feeders. The grow-out phase of the study consisted of 12 pens to allow for 3 replications of each experimental group. Birds were fed a starter broiler feed for the first 3 wk of the study and were switched to a grower ration for the remainder of the study. All birds were killed by CO 2 asphyxiation at 5 wk and 3 d of age after placement. After the experiment was concluded, total BW (by pen) was determined to calculate feed conversion. Averages of individual bird BW in each pen were also calculated for comparison.
Experimental Groups and Challenge
There were 4 experimental groups with 3 replications per group. Group 1 (negative control) did not receive any litter amendment or challenge with Salmonella Typhimurium and thus was the negative control. Birds in the 3 replications for the negative control were placed in a separate isolation room from those challenged with Salmonella Typhimurium. Birds in the other group replications were dispersed evenly throughout the other 3 isolation rooms. Group 2 (positive control) did not receive the litter amendment, but birds were challenged with Salmonella Typhimurium and served as the positive control. Group 3 received the litter amendment mixture containing the DE, and birds were challenged with Salmonella Typhimurium. Group 4 received the litter amendment mixture containing the clay, and birds were challenged with Salmonella Typhimurium. Litter amendments were applied by sprinkling the amendment onto the litter in accordance with the directions of the manufacturer. The amendment was then raked into the litter throughout the pen to cover the floor space. For those groups that received the challenge with Salmonella Typhimurium, 150 mL of a solution containing 3.8 × 10
8 cfu/mL of novobiocin-and nalidixic acid-resistant Salmonella Typhimurium was applied to the litter in each pen with a spray bottle, making sure to cover the entire pen area with the spray. The Salmonella challenge inoculate was prepared from a primary poultry isolate of Salmonella Typhimurium obtained from the National Veterinary Services Laboratory (Ames, Iowa). After application of the litter amendment and Salmonella Typhimurium challenge, 15 one-day-old chicks were wing-banded and randomly placed into each pen. Initial BW was recorded for each chick as it was placed into the pen.
Litter Samples
Litter samples from each pen were collected each week from 4 random areas in each pen and combined in a zipper bag. The bags were shaken to distribute the contents evenly so that a representative sample of the pen could be obtained. From each litter sample bag, a 25-g amount was weighed and placed into a separate Whirl-Pak [4] bag. Butterfield's buffer [5] solution (50 mL) was added to each bag and mixed thoroughly. After mixing, 0.1 mL from each Whirl-Pak bag was plated, using the spread-plate method, onto a plate containing brilliant green sulfa agar (BGS) [6] . The BGS was prepared according to the instructions of the manufacturer, and nalidixic acid (20 µg/mL) and novobiocin (25 µg/ mL) were added to deter the growth of isolates other than the challenge isolate. Serial dilutions consisting of 1 mL of sample placed into 9 mL of Butterfield's buffer solution were made up to a 10 −2 dilution. Each dilution was plated onto a separate BGS plate. These plates were used to quantify Salmonella Typhimurium in the sample, if possible. From each individual sample, 1 mL of solution was also removed and placed into a 9-mL tube of tetrathionate broth (TET) for enrichment. The BGS plates and TET tubes were incubated for 18 to 24 h at 35 to 37°C. Each step in this process was done in duplicate to ensure accuracy. After incubation, BGS plates that were presumptively positive for Salmonella Typhimurium were counted. For the enrichment tubes, 1 mL of the TET broth was plated onto the BGS plates and incubated for 18 to 24 h at 35 to 37°C. These plates were then examined for the presumptive presence of Salmonella Typhimurium. The minimum detectable limit for Salmonella in this experiment was 15 cfu/g of litter. Positive plates from the enrichment were assigned a log 10 value of 1.5 [7] . Pink colonies on the BGS plates were presumed to be positive samples of Salmonella Typhimurium.
Crop and Cecal Samples
At 3 wk after placement and at the end of the trial, 6 birds from each pen were killed by CO 2 asphyxiation and the crop and ceca were aseptically removed for analysis. The crop and Means within a column with differing superscripts differ significantly (P < 0.05). 1 Diatomaceous earth. 2 Hydrated sodium calcium aluminosilicate. Means within a column with differing superscripts differ significantly (P < 0.05). 1 Diatomaceous earth.
ceca from each bird were placed into separate Whirl-Pak bags and diluted with Butterfield's buffer solution at a 1:2 ratio (wt/wt). Each bag was stomached [8] for 30 s. After stomaching, 0.1 mL was removed from the sample bag and dispensed into 9.9 mL of Butterfield's buffer solution. Serial dilutions were than made up to a 10 −4 dilution of the original sample. Samples from each of the dilutions were plated onto BGS plates using the spread-plate method. An additional 1 mL of the original solution was placed into 9 mL of TET broth for enrichment. The BGS plates and TET tubes were incubated for 18 to 24 h at 35 to 37°C. Each step in this process was done in duplicate to ensure accuracy. After incubation, BGS plates that were presumptively positive for Salmonella Typhimurium were counted. The minimum detectable limit for Salmonella in this experiment was 15 cfu/mL of rinse. For the enrichment tubes, 1 mL of the TET broth was plated onto BGS plates and incubated for 18 to 24 h at 35 to 37°C. These plates were then examined for the presumptive presence of Salmonella Typhimurium. Pink colonies on the BGS plates were presumed to be positive samples of Salmonella Typhimurium.
Statistics
All statistics for this experimental project were calculated using SAS version 9.1 [9] .
Statistical tests used for the litter counts and BW comparisons included the GLM procedure, MEANS statements, and Duncan's multiple range test. Statistical tests used for crop and cecal analysis included the GLM procedure, LSMEANS statement, and PDIFF option [9] . Outputs were deemed significant at P < 0.05.
RESULTS AND DISCUSSION
Broiler Growth Characteristics
Body weights of all birds placed in this study were not significantly different at the day of placement ( Table 1) . As a group, the negative control (group 1) birds exhibited a significantly lighter BW at wk 1 and 3 after placement. It is important to note that calculations for BW comparisons were for all birds placed in the study up to 3 wk after placement. At 3 wk after placement, 6 birds from each pen were killed to determine Salmonella Typhimurium isolation. The BW comparison for the entire trial was based on those birds that were not killed until the end of the experiment. For the complete grow-out period (Table 2) , there were no significant BW differences at wk 1, 2, and 5. For the weeks that did exhibit significant differences in BW, the negative control (group 1) birds were significantly lighter at wk 3 and 4, whereas the positive control (group 2) birds were the lightest at the end of the experiment. Litter moisture percentages and FCR at the end of the experiment did not exhibit significant differences (Table 3) .
Bacterial Challenge
No significant differences were found in the recovery of Salmonella Typhimurium from litter samples throughout the study (Table 4) . It was expected that recovered amounts of this microbe would be high because of the high concentration of organisms placed onto the litter at the beginning of the trial. However, this was not the case. The investigators surmise that the low litter moisture in the pens was the overall determining factor in the low numbers found. Overall, 9% of the samples had recoverable Salmonella after enrichment. Recovery of Salmonella Typhimurium from the crops and ceca of the birds at wk 3 and 6 is shown in Table 5 . There were no significant differences in recovery from the crop at either wk 3 or wk 6. The investigators suspect that the low numbers found in this portion of the experiment were because the birds were not orally gavaged with bacterium, but were expected to pick it up from the litter. Very small numbers of the challenge were recovered from the ceca at wk 3, but there were significant differences among groups, with the negative control having no recoverable Salmonella Typhimurium at that time. Recovery of the challenge from the ceca at wk 6 also exhibited very small numbers, with significant differences. In this case, the DE treatment (group 3) had the highest count of recoverable Salmonella. The treatment with the clay additive (group 4) had no recoverable Salmonella at wk 6. We suggest that, once again, the low recovery was due to the method of challenge.
CONCLUSIONS AND APPLICATIONS
Efficacy of the litter amendments against
Salmonella Typhimurium varied widely during the experiment.
2. Litter amendments in this study did not result in any adverse effects on broiler growth rate. 3. Litter amendments in this study did not result in any adverse effects on litter moisture or feed conversion. 
